The aims of this study was to isolate compounds from the leaves of methanol extract of Garcinia cowa and to evaluated their cytotoxic activity against breast (MCF-7) and lung (H-460) cell lines. The dichloromethane fraction was separated by successive silica gel column chromatography to give three compounds. Based on spectroscopic comparison with those of the literature these compounds were elucidated as methyl 2,4,6-trihydroxy-3-(3-methylbut-2-enyl)benzoate (1), garcinisidone-A (2) and methyl 4,6dihydroxy-2-(4-methoxy-5-(3-methylbut-2-enyl)-3,6-dioxocylohexa-1,4-dienyloxy)-3-(3-methylbut-2-enyl)benzoate (3). Compound 1, 2 and 3 had IC50 value of 21.0 ± 10.2 µM, 21.2 ±8.4 µM and 17.2 ± 6.2µM against MCF-7, while only compound (2) was found to be in active against H-460 with IC50 value of 18.1 ± 6.7 µM. Conclusion: The results indicate that G. cowa leaves could be important sources of natural cytotoxic compounds and only compound (2) had activity against H-460 cell lines.
INTRODUCTION
The Genus Garcinia, belonging to the Family Clusiaceae have been widely investigated in terms of their bioactive ingredients. The plants are small to medium sized trees, which grow up to 30 m in height and are widely distributed in the tropical regions of the world (Kijjoa and Vieira, 2009 ). This genus has various biological activities such as antioxidant (Muharni et al., 2009 and Dachriyanus et al., 2003) , cytotoxic (Wahyuni et al., 2009 ) and antimicrobial activities . Garcinia cowa Roxb known as asam kandis in West Sumatera It is widely distributed throughout Indonesia and the Malay peninsula. The fruits are edible with a sour taste and used as spices in Indonesia especially in Minang tribes. (Dachriyanus et al., 2003) . Many parts of G. cowa have been used in traditional folk medicine. The bark, latex and root have been used as an . antipyretic agent (Mahabusarakam, et al, 2005 and Pathong et al, 2009 ) while the fruit and leaves have been used for indigestion and improvement of blood circulation, and as an expectorant (Pathong et al., 2009) . Some pharmacological properties such as antitumorpromoting (Mukarami et al., 1995) , inhibition of human lowdensity lipoprotein peroxidation and anti-platelet activities have been reported on the crude extract of leaves (Jantan et al., 2011) . The chemical composition and biological activities of various parts of G. cowa have been investigated. Previous investigation on the fresh leaves, fruits and dried rinds of G. cowa has been investigated and found that (-)-hydroxycitric acid and its lactone constitute the major constituents (Jena et al., 2002) . Previously, we reported the isolation of [2E,6E,10E]-(+)-4-hydroxy-3-methyl-5- (3,7,11,15-tetramethyl-2,6 ,10,14-hexadecatetraenyl-2-cyclohexen-1-one (1), 2-(3-methyl-2-butenyl)-1,5,6-trihydroxy-3-methoxy-4-(1,1-dimethyl-2-propenyl)-9H-xanthen-9-one (2) and rubraxanthone (3) from the stem bark of this plant. (Wahyuni et al., 2004) In continuation of our study on Garcinia cowa (Wahyuni et al., 2004) , cytotoxic properties of isolated compounds from the leaves of Garcinia cowa against cancer cell-lines are reported.
MATERIALS AND METHODS

General
Vacuum liquid chromatography (VLC) was conducted on silica gel (Merck 9385) and column chromatography (CC) was conducted on either silica gel (Merck 7734). The eluates were monitored by analytical thin layer chromatography (TLC) utilizing precoated silica gel (Merck 5554). The spots were visualized under ultraviolet lights at 254. Fractions containing similar profile were combined. Radial chromatography (RC) was carried out using Harrison Research Chromatotron model 7924T on plates coated with silica gel 60 PF 254 (Merck 7749) containing gypsum, at either 1 or 2 or 4 mm thickness.
UV (in absolute ethanol) and IR (KBr) spectra were recorded on a J ASCO V-560 spectrophotometer and a PerkinElmer 1650 FTIR spectrophotometer, respectively. Mass spectra were obtained on a J EOL J MS HX-110A spectrometer. 
Cell lines
The cell lines, NCI-H460 were purchased from the American Type Culture Collection (Manassas, VA, USA). The cancer cells were cultured in RPMI 1640 medium (Life Technologies, Paisly, UK) with 10%v/v fetal calf serum (PAA Laboratories, Linz, Austria), 100 IU/ml penicillin and 100 μg/ml streptomycin (Life Technologies, Paisly, UK) whereas the solution trypsin-EDTA were purchased from GIBCO (Auckland, New Zealand). Dimethylsulfoxide (DMSO) was purchased from BDH Laboratory (England). Culture flask (25 cm 2 and 75 cm 2 ) and 10 ml serological pipettes were purchased from Becton Dickson (New Jersey, USA).
Plant material
The leaves of Garcinia cowa Roxb were collected at Sarasah Bonta, Harau Valley, and West Sumatra at an altitude of 500 m. The voucher specimens (DR-181) were identified by Dr Rusdi Tamin and were deposited in the herbarium of Andalas University, Padang, Indonesia. Plant materials were air dried and ground to powder before extraction.
Extraction
Ground air-dried leaves (3.2 kg) were sequently defatted with hexane (3 x 2.5 L) and extracted with dichlorometahane (dichloromethane) (10 x 2.5 L). The dichloromethane extract was evaporated to dryness under reduced pressure to give the dark mass 153 g.
Cytotoxic asssay
Breast cancer MCF-7 and Lung cancer H-460 cell lines were used in this study. Cells were cultured in RPMI-1640 medium. Cells were cultured in RPMI with 10% FBS in 25 cm2culture flasks and incubated at 37oC, with 90% humidity level and 5% CO2 level. Varying concentrations of the pure isolated compounds were prepared from the stock solutions by serial dilution (100 μg/mL, 10 μg/mL, 1 μg/mL, 0.1 μg/mL) in RPMI-1640 to give the volume of 200 µl in each well of the microtiter plate.
Each concentration was tested in quadruplicate and the culture plate was incubated for 96 hours. After incubation, 50 μL of 2 mg/mL. MTT solution was added to each well and allowed to incubate. After 4 hours, all supernatant were discarded. 100 μL DMSO was added to each well to dissolve the formazan crystals. Absorbance values at 550 nm was measured with a microplate reader. Cytotoxicity was stated as IC 50 (Mossman, 1983) .
Isolation of 3(9-methyl-8-pentaenyl) 2,4,6-trihydroxybenzoic acid methyl ester (1) A portion of the dichloromethane extract (20 g) was subjected to column chromatography (5.0 x 80 cm) over silica gel Merck 7734 and successively eluted with hexane followed by hexane: ethyl acetate mixture in step gradient polarity manner, and finally with methanol to give 30 fractions (75 ml each). The fractions obtained were analysed on TLC and similar fractions were combined to give four fractions; A (1-2, 339 mg), B (3-11, 250 mg), C (12-21, 780 mg), D (22-30, 1.8 g).
Fraction A was further subjected to sephadex column chromatography and eluted with dichloromethane: methanol (1: 1) to gave five sub fractions (A1-A 5 ). Fraction A 3 (194 mg) was resubjected to sephadex column chromatography with the same eluent to yield A3 1 -A3 4 . Fraction A 33 (194 mg) was also subjected to sephadex column chromatography and eluted with dichloromethane: methanol (1: 1) to give sub fractions A33. Fraction A33-2 was radial chromatographed on a 1 mm plate thickness and eluted with n-hexane: dichloromethane (3:1) to give 15 (5 ml) fractions of which fractions 10-15 were recombined and recrystallization with ethyl acetate: hexane to give compound methyl 2,4,6-trihydroxy-3-(3-methylbut-2-enyl)benzoate (1) as white needles (31 mg 
.2 (C-2, C-4, C-6), 134.6 (C-3'), 122.2 (C-2'), 106.6 (C-3), 96.1 (C-5), 93.9 (C-1), 52.7 (1-OMe), 26.0 (C-5'), 21.90 (C-1'), 18.04 (C-4').
Isolation of garcinisidone-A (2)
Fraction B of dichloromethane was subjected to column chromatography over silica gel Merck 7734, eluting it with hexane: ethyl acetate (9:1) to yield three sub-fractions B1, B2 and B 3 . Fraction B 3 (275 mg) was further purified on sephadex column, eluting with mixture of dichloromethane and methanol (1:1) to give four sub fractions (B3 1 -B3 4 ). Fraction B3 4 (95 mg) was subjected to column chromatography over sephadex and eluted with mixture of dichloromethane and methanol (1:1) to give 2 sub fractions B34 1 and B34 2 . Fraction B34 2 was subjected to recrystallization with chloroform: hexane to give compound (2) as white needles (65 mg C NMR (125 MHz, d 3 -Methanol) δ C 168.6 (C-11), 162.9 (C-1), 162.4 (C-3), 159.8 (C-4a), 148.2 (C-5a), 146.5 (C-7), 143.3 (C-8), 135.2 (C-9a), 132.0 (C-3"), 130.8 (C-3'), 128.2 (C-9), 121.9 (C-2'), 121.8 (C-2"), 112.5 (C-2), 105.3 (C-6), 98.9 (C-4), 97.0 (C11a), 59.9 (8-OMe), 24.6 (C-4'), 24.5 (C-4"), 23.4 (C-1"), 21.3 (C-1'), 16.8 (C-5"), 16.5 (C-5').
Isolation of methyl 4,6dihydroxy-2-(4-methoxy-5-(3-methylbut-2-enyl)-3,6-dioxocylohexa-1,4-dienyloxy)-3-(3-methylbut-2-enyl)benzoate (3)
The methanol fraction (20 g) was subjected to silica gel (cat no. 7734) column chromatography (5.0 x 80 cm) and successively eluted with hexane followed by hexane: dichloromethane mixture in step gradient polarity manner, and finally with methanol to give 71 fractions (50 ml each). The fractions obtained were analyzed on TLC and the similar fractions were combined to give five fractions; fraction A (1-8), B (9-21, 2.263 g), C (22-26, 1.25 g), D (27-39, 0.342 g), and E (40-71, 2.25 g) Fraction B of methanol fraction was subjected to column chromatography (3 x 50 cm) over silica gel Merck 7734 and successively eluted with hexane followed by mixture of hexane and dichloromethane in step gradient polarity manner and finally with methanol to give fifty three fractions (20 ml each). The combined fraction 28-42 (B 2 , 389 mg) was further purified on sephadex column, eluting with dichloromethane: methanol with the same ratio to give three sub fractions B2 a , B2 b and B2 c . Fraction B 2b (6-11, 102 mg) was purified with radial chromatography by using 1 mm plate thickness and eluted with hexane: dichloromethane (3:1) to give two sub fractions B2b 1 and B2b 2 . Both of them were recrystallised with ethyl acetate and hexane to yield compound (3) as red needles (32 mg (3H, s, H-5' ), 1.64 (3H, s, H-5").
13
C NMR (125 MHz, d 6 -Acetone) δ C 184.2 (C-1), 182.1 (C-4), 170.7 (C-3), 163.9 (C-2'''), 162.1 (C-4'''), 159.8 (C-6), 156.3 (C-6), 152.9 (C-6'''), 133.9 (C-3'), 131.9 (C-3"), 129.8 (C-5), 122.9 (C-2"), 121.3 (C-2'), 114.9 (C-3'''), 109.2 (C-2), 103.1 (C-5'''), 98.7 (C-1'''), 61.7 (6-OMe), 52.9 (1'''-OMe), 25.9 (C-5', C-5"), 22.9 (C-1'), 22.6 (C-1"), 18.0 (C-4'), 17.8 (C-4").
RESULTS AND DISCUSSION
Characterization of compound (1)
Compound ( The position of prenyl unit and an aromatic proton were at C-2 and C-5, respectively, on the basis of HMBC correlations of the methylene protons (H-1', δ 3.33) of prenyl unit to C-2 (δ 162.2) and C-3 (δ 106.6) and the aromatic proton (H-5,δ 5.98, s) to C-1 (δ 93.91), C-3, (δ 106.6) and C-6 (δ 162.2) (Figure 4.8) . The assignment of the protons and carbons of (1) are summarized in Table 1 The carbon chemical shifts of C-2, C-4 and C-6 established the attachment of hydroxyl groups at these carbons (Silverstein, 1987) . Thus, the methyl ester moiety was linked at C-1. The EIMS data showed fragment ion at m/z 237 revealed the loss of CH 3 , while the fragment ion at m/z 220 and m/z 192, supporting this compound by losing OCH 3 . and CH 3 -O-C=O . . Based on the argument above, this compound was determined to be [3(9-metil-8-pentaenyl) 2,4,6-trihidroxy benzoic acid methyl ester]. This compound was similar with parvifoliol A (Rukachisirikul 2006), but different in substituent moiety. Thisis compound was deduced as prenylated phluoroglucinol and assigned as methyl 2,4,6-trihydroxy-3-(3-methylbut-2-enyl)benzoate (1) (Feld et al., 2004) . The ultraviolet absorption and mass spectrum were very useful in structural elucidation since they were similar to depsidone and garcinisidone-A and (Ito et al., 1997) . The UV spectrum (MeOH) λ max 281.00 (4.14) and 229.60 (4.48). The IR spectrum showed absorption bands due to hydroxyl and lactone carbonyl groups at 3367 cm -1, 2927 (br) and 1650 cm -1 , respectively. The 1 H and 13 C-NMR spectra (Table 2) C NMR spectrum showed 24 carbon atoms, including a carbonyl lactone at δ 168.6 (C-11). The deshielded carbon signals at δ 159.8, δ 146.5 and δ 135.2 were assigned to C4a, C-7 and C-9a, respectively, were due to oxygenation of these carbons . It appeared that the ring A was substituted by hydroxyl groups at C-1 (δ C 162.93) and C-3 (δ 162.43). It was confirmed by -9a) . The locations of two prenyl groups at C-2 and C-9 and were confirmed by observation of C-H long range correlation of H-1' (δ 3.23) with C-2 (δ112.5) and H-1" (δ 3.42) with C-9 (δ 128.2). The assignment of the protons and carbons of 76 are summarized in Table 2 . 
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121. also suggested the presence of two prenyl side chains. (Ito et al., 2003) . The linkage of the two moieties (ring a and ring B) was interpreted as depsidone based on HMBC experiment, significant peaks in EIMS and by comparison data with spectral data of garcinisidone-A (Table 16 ) (Ito et al., 1997) . Based on these spectral assignment, compound (2) was deduced as garcinisidone-A.
Characterization of compound (3)
Compound 3 C NMR spectrum also supported the presence three carbonyl groups by the signals at 184.16, δ182.06 and δ170.72 indicating the two p-benzoquinone carbonyls and an ester carbonyls, respectively (Permana, D., et al 2001) . The 1 H NMR and HSQC spectra indicated the presence of two methoxyls from the signals at δ 4.01 (δ C 61.7) and δ 3.72 (δ C 52.9). The HMBC spectrum further suggested that the former is attached to an olefinic carbon (δ C 159.8), and the latter is located at a carbonyl carbon (δ C 170.7) (Permana et al., 2001) . C NMR data of (3) indicated the presence of three hydroxylated or alkoxylated aromatic carbons at δ 163.6, δ 162.1, and δ 152.9. The 1 H NMR and HSQC spectra showed signals due two aromatic proton signals at δ 6.32 (H, s,) (δ C 103.5) and δ 5.42 (H, s,) (δ C 109.2) which were assigned to H-3''' and H-2, respectively. In the aromatic region of the HMBC spectrum, the proton signal at δ 6.32 (H-3''') further showed correlation with the carbon signals at δ 152.93 (C-4'''), 114.86 (C-5''') and 98.72 (C-1'''), while another aromatic proton signal at δ 5.42 (H-2) correlated with the carbon signals at δ 159.8 (C-3), δ 182.1 (C-4) and δ 156.3 (C-6), establishing the structure of ring A and ring B. The presence of two prenyl side chains in (3) was indicated by the occurrence of two sets signals of prenyl unit, one are those at δ 3.35 (2H, d, J= 7.5, H-1") (δ 5.24 (H, t, J=7.5 Hz, H-2"), δ 1.76 (3H, s, H-4'), δ 1.64 (3H, s, H-5") and the other are those δ 3.16 (2H, d, J= 7.5 Hz, H-1'), δ 5.11 (1H, t, J=7.5 Hz, H-2'), δ 1.75 (3H, s, H-4"), δ 1.67 (3H, s, H-5') in its 1 H and 13 C spectra. The HMBC spectrum further showed that the proton signal at δ 3.16 (H-1') correlated with the carbonyl carbon at 182.1 (C-4), the olefinic carbon signals at δ 129.8 (C-5), 156.3 (C-6) and 121.3 (C-2'), established the attachment of this prenyl at C-5 (ring B). The proton signal at δ 3.35 (H-1") was found to correlate with hydroxyl aromatic carbon at δ 162.1 (C-6'"), the olefinic carbons at δ 131.9 (C-1") and δ 122.9 (C-2"). Thus, suggesting that this prenyl is attached to an aromatic carbon at C-3''' (ring A). The assignment of the protons and carbons of 77 are summarized in Table 3 . In this manner, it was apparent that the two prenyl units are located in different ring . A correlation of the methoxyl protons resonating at δ 4.01 with the carbon signal at δ 156.3 (C-6) suggesting the position of this methoxyl group at C-6. Thus, 3 was assigned as new prenylated benzoquinone and assigned as 3-(1-methoxycarbonyl-4,6-dihydroxyphenoxy)-6-methoxy-3,5-di(3-methyl-2-butenyl)-1,4-benzoquinone.
Cytotoxic activity of isolated compounds
The IC 50 values of less 10 μg/mL, is considered as potent, while the IC 50 values of between 10 to 30 μM/mL is considered as having good activity and IC 50 values of between 30 μM/mL 100 μM/mL is considered weak activity.
All isolated compounds, had been evaluated for their cytotoxic activity against MCF-7 and H-460 cell lines. The compounds (1), (2) and (3) showed good activities towards MF-7. Only compound (2) was active against H-460 (Table 4) . 
CONCLUSION
The potential value of the leaves of G. cowa from the West Sumatra region of Indonesia has been reported for the first time here. Three compounds, methyl 2,4,6-trihydroxy-3-(3-methylbut-2-enyl)benzoate (1), garcinisidone-A (2) and 3-(1-methoxycarbonyl-4,6-dihydroxyphenoxy)-6-methoxy-3, 5-di(3-methyl-2-butenyl)-1,4-benzoquinone (3) were isolated from this leaves. Structure elucidations of these compounds were carried out by spectroscopic methods. All isolated compounds were active against MCF-7 cell line and only garcinisidone-A (2) was active against H-460.
